This paper contributes to the existing literature on rainfall variability and food security. It analyses the effect of rainfall variability on food security for 71 developing countries from 1960 to 2016. Results suggest that rainfall variability reduces food security in developing countries. Indeed, it reduces food availability per capita and increases the percentage of total undernourished population. Moreover, the negative effects of rainfall variability are exacerbated in the presence of civil conflicts and are high for the countries that are vulnerable to food price shocks.
Introduction
According to several reports (World Bank, 2018) , the number of people living in extreme poverty has reduced from 2 billion (36% of the world's people) to 736 million (10% of the world's people) between 1990 and 2015. These results validate several previous studies (Chen & Ravallion, 2010; Milanovic, 2012) that report a continued decline in global poverty during the last three decades.
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PUBLIC INTEREST STATEMENT
This paper contributes to the empirical literature on climate change and food security. It analyses the effect of rainfall variability on food security for 71 developing countries from 1960 to 2016.
Using econometric tools and complementary indicators of food security (food availability and proportion of undernourished people), empirical findings suggest that rainfall variability reduces food security in developing countries. Indeed, it reduces food availability per capita and increases the percentage of total undernourished population. Moreover, the negative effects of rainfall variability are exacerbated in the presence of civil conflicts and are high for the countries that are vulnerable to food price shocks.
However, progress is currently not fast enough and is different across regions. From 1991 to 2015, the extreme poverty rate in East Asia and Pacific fell from 62% to 3% and from 57% to 41% in Sub-Saharan Africa. Despite national and international efforts to reduce poverty the number of undernourished people in the world has increased from around 804 million to 821 million between 2016 (FAO, 2018 , and a significant proportion of households depend on agriculture. They are more exposed to the risks of food shortages and hunger that could be caused or increased by climatic change (St.Clair & Lynch, 2010) .
In the recent years, the debate on climatic variability has led to a renewed interest in the effects of climatic variability on agriculture. Many authors have analysed the relationship between climatic variability and the indicators of food security. We can distinguish two strands in the literature. First, several authors develop theoretical arguments or prospective studies which evidence that climatic variability has a negative impact on agricultural production and decreases food availability. A report by FAO (2018) emphasizes that hunger is significantly worse in countries with agricultural systems that are highly sensitive to rainfall and temperature variability and severe drought, and where the livelihood of a high proportion of the population depends on agriculture. Asante and Amuakwa-Mensah (2015) suggest that there is a projected high temperature and low rainfall in the years 2020, 2050 and 2080, and desertification is estimated to be proceeding at a rate of 20,000 hectares per annum in Ghana, with a negative impact on the agricultural sector. Ringler, Zhu, et al. (2010) and, St. Clair and Lynch (2010) conclude that climatic variability is a factor of childhood malnutrition in Sub-Saharan Africa. Based on Intergovernmental Panel on Climate Change (IPCC)´climatic projection models, some authors (Schlenker & Lobell, 2010; Zinyengere, Crespo, & Hachigonta, 2013) estimated agricultural yield losses due to climate change range from 18% for Southern Africa to 22% aggregated across Sub-Saharan Africa, with yield losses for South Africa and Zimbabwe in excess of 30%. While the majority of studies are based on theoretical or prospective analyses, the second strand of literature concerns empirical analyses. Using panel data for Asian countries from 1998 to 2007, Lee, Nadolnyak, and Hartarska (2012) shows that high temperature and more precipitations in summer increase agricultural production. Tesso, Emana, and Ketema (2012) reveal that in Ethiopia, food production faces severe challenges due to climate change, noting that the annual production losses to climate variability significantly increase from year to year. Sawe, Mung'ong'o, and Kimaro (2018) reveal that climate change and variability impact crop farming system in different ways such as damaging of crops and persistent low yields, that could lead to household food insecurity. There are some reasons that could explain the difficulties of studying the effect of climatic variability on food security at the macroeconomic level. First, the absence of suitable climatic data for many developing countries over a long period may justify the fact that there are few empirical papers. Second, food security is a complex concept that includes several dimensions.
The objective of this paper is to analyse the causal relationship between rainfall variability and food security. It differs from the existing literature on rainfall variability and food security in two ways. First, while most of the literature is mainly theoretical, we perform an empirical and macroeconomic analysis for 71 developing countries from 1960 to 2016. Second, we identify mechanisms by which rainfall variability may influence food security.
The plan of the paper is as follows. Section 2 contains a discussion of the literature review on the relationship between climatic variability and food security. Section 3 discusses the econometric method used to evaluate the effect of rainfall variability on the indicators of food security. Section 4 presents the empirical results. The last section is devoted to concluding remarks and implications.
Relationship between climatic variability and food security
In this section, we present, the first three approaches highlighting the explanatory factors of food security. Second, we show how climatic shocks affect food security through these approaches.
What could explain food security?

The production-based approach
The production-based approach is derived from the assumption that food insecurity is the result of a decline in food availability. This approach is based on the relationship between population growth and the ability of humans to confront the scarcity of food and natural resources, which has dominated the literature on food security (Malthus, 1798) . The Malthusian theory suggests that in order to maintain equilibrium between population and food, the rate of growth of food availability should not be lower than the rate of growth of the population (Burchi & Muro, 2012) . Contrary to neo-Malthusians, several authors believe that technology and human ingenuity have always adequately confronted existing scarcities and will continue to do so in the future. Zhou and Wan (2017) emphasize that rapid economic growth in Asia has equipped many countries with stronger capabilities to cope with external shocks that affect their food security.
The market-based approach
The market-based approach is based on the idea that famine is not due to food supply but due to food access. The concept of entitlements developed by Sen (1983) partly joined this approach. The author suggests that people have an entitlement to food. 1 Entitlements depend mainly on personal endowments 2 and exchange conditions. 3 In developing countries, an important part of a household's resources comes from labour activities. Moreover, exchange conditions allow people to use their resources to access the set of commodities through trade and production and the determination of relative prices of products or goods.
In the market-based approach of food security, we also find studies on the relationship between economic performance and food insecurity. A poor economic performance can be a major cause of poverty. The effects of poverty on hunger and undernutrition are pervasive. Poor households and individuals have inadequate resources for care and are unable to achieve food security and to utilize resources for health on a sustainable basis. In contrast, a sustained economic growth has a positive direct impact on food security. Breisinger, Ecker, Perrihan, and Yu (2012) suggest that economic growth driven by exports improves the balance of payments and generates foreign exchange for food imports. Mihalache-O'keef and Li (2011) found that foreign direct investment improves food security by raising employment and wages, technology and knowledge spillovers. Noordwijk et al. (2014) suggest that economic growth improves human development, increases the public's purchasing power and reduces poverty, thereby increasing access to food and reducing hunger.
Institutional failures
Several authors have highlighted the importance of institutions as an explanation of food insecurity. Democratic institutions can foster accountability for fighting hunger by promoting electoral competition, thereby encouraging public action to reduce hunger and promote development. Using a panel of 106 low and middle-income countries from 1990 to 2012, Rossignoli and Balestri (2018) find that democratisation process contributes to improve food security. However, Harris (2014) highlights the fact that variables measuring the procedural and institutional elements of democracy are not connected to levels of hunger in Africa. According to Sen (2000) , the failure to deliver food can be due to the implementation of inappropriate policies or government's failure to intervene and the existence of civil conflicts. Moreover, he suggests that democracy and political rights can help to prevent famines and other economic disasters. Indeed, authoritarian rulers tend to lack incentives to take timely preventive measures. Finally, Barnett (2003) show that combatants frequently use hunger as a weapon by cutting off food supplies and productive capacities, starving opposing populations into submission, and hijacking food aid intended for civilians.
How do climatic variability matter for food security?
There are several channels through which climatic variability is likely to affect food security in developing countries. To elucidate these channels, we reflect on Figure 1 , the effect of climatic variability on each approach.
Climatic variability and agricultural production
Most developing countries are particularly vulnerable to climatic change (especially climatic shocks) because their economies are closely linked to climatic sensitive sectors such as agriculture (Mitra, Chopde, Kumar, & Wajih, 2008) . Millions of people in developing countries depend on agricultural production. This vulnerability is particularly high in Africa where agricultural production is the primary source of livelihoods for 66% of the total active population (ILO, 2007) . The World Development Report (World Bank, 2002) has established that 39% of people on fragile (arid and semi-arid) lands live in Africa. They are consequently threatened by climate change and climatic shocks. Battisti and Naylor (2009) emphasize that higher growing season temperatures can significantly impact agricultural productivity, farm incomes and food security. Ochieng, Kirimi, and Mathenge (2016) find that climate variability and change affect agricultural production, but effects may differ across crops in Kenya. The temperature has a negative effect on crop and maize revenues, while rainfall has a negative effect on tea production.
Climatic variability, households' income and economic resources
Climatic variability has direct and indirect effects on agricultural incomes and thus can harm food security. By reducing households' agricultural incomes, climatic variability also leads to a decrease in demand for goods and services in the affected communities. This threatens the livelihoods of people who indirectly depend on agriculture, such as traders. Nhemachena, Hassan, and Chakwizira (2009) show that rainfall variability and higher average temperatures negatively affect households' income that comes from agricultural crops and livestock in Africa. Shumetie et al. (2017) examine the effect of climate variability on smallholder's crop income, and they conclude that variability in rainfall during the cropping season has a significant and negative effect on farmers' crop income.
Climatic variability can impact food security at the macroeconomic level through its effect on economic growth. Dell, Jones, and Olken (2008) show that climatic variability has large and negative effects on economic growth in the poor countries. Because developing countries have a disproportionate share of their Gross Domestic Product (GDP) in climatic sensitive sectors, their economic resources are vulnerable to climatic variability. It may reduce the level of output and the economy's ability for growth (productivity growth) through a reduction in agricultural production and exports (Jones & Olken, 2010) and investments in research and development. By affecting economic growth, climatic shocks can reduce the resources available to the governments (low tax revenues, for example). This can be a factor that contributes to food insecurity because climatic shocks affect the ability of countries to purchase food on international markets, to invest in technology, services and infrastructure that support food and agricultural production and, to finance public services and investments in health and education. Source: Authors
Climatic variability and food prices
Climatic variability impacts food security through its great negative effect on food prices. Because food is a basic necessity good and the demand for food is highly price inelastic, a decrease of food surplus may lead to an important increase in food prices, thus reducing food accessibility. Using a theoretical model, Ringler, Zhu, et al. (2010) find that climatic variability increases childhood malnutrition in Sub-Saharan Africa through higher food prices. Moreover, Aker (2010) considers that climatic variability may have an effect on traders' entry and exit in response to the profitability of food trading. Indeed, climatic variability leading to an increase (decrease) in profits may incite the traders to enter (or exit) the local market. As markets are not well integrated and the dispersion of food (agriculture goods, cattle) prices is high in the least developed countries (Aker 2010; Araujo, Bonjean, Combes, & Motel, 2005) , climatic shocks may amplify them and harm food security.
Climatic variability and civil conflicts
Climatic variability can be a factor of food insecurity by increasing the risk of civil conflicts. Several authors suppose that climatic variability will likely lead to greater scarcity and variability of renewable resources in the long term (Buhaug, 2008) , as well as increase conflict over limited resources. Koubi, Bernauer, Kalbhenn, and Spilker (2012) support that climate variability affects non-democratic countries that are more likely to experience civil conflict when economic conditions deteriorate. Moreover, the literature on the determinants of civil war shows that economic opportunity is more important that political factors. According to Bohlken and Sergenti (2010) , abrupt shortages of rainfall may lead to violent conflict through their negative impact on macro-economic performance. This dynamic is primarily relevant for countries that highly depend on agriculture (for instance Sub-Saharan Africa and large parts of Central and South Asia (Wischnath & Buhaug, 2014) . Burke, Miguel, Satyanath, Dykema, and Lobell (2009) find that climatic shocks (inter-annual variability in rainfall, higher temperatures) are associated with more conflicts. The exacerbation of the scarcity of resources and the risk of civil war caused by climatic shocks may reduce food security.
Empirical analysis
Empirical model
The objective of this paper is to analyse the effect of rainfall variability and food security over the period 1960 to 2016 for 71 developing countries. For this purpose, based on previous studies on food security (Santangelo, 2018; Jenkins and Scanlan, 2001; Wimberley and Bello, 1992) , Equation 1 is specified:
With CV i;t the variable of rainfall variability (log) in a country i at the period t. ε i;t is the error term, γ t represents time-fixed effect and α i country fixed effects. The data cover the period 1960-2008 and the study is based on yearly panel data. Y i;t is the food security indicator (food availability per capita). Food availability is used similarly to previous authors (Santangelo, 2018) .
Control variables (X) come production-based approach (population growth), market-based approach (income per capita) and institutional failures (democratic institutions). In robustness checks, we include arable land, cereal production land and squared term of rainfall level.
We identify potential heterogeneities in the relationship between rainfall variability and food security. Two heterogeneities are analysed. We test if the effects of rainfall variability can be different depending on whether the country was under conflict (Equation 2), in the context of food price shock vulnerability (Equation 3).
Conflict i;t is the conflict variable and PSVul i;t is the vulnerability of countries to food price shocks Three estimators can be used: ordinary least square (OLS), fixed effects (FE) or random effects (RE). The OLS estimator is, however, biased because it does not take into account unobserved heterogeneity of countries, which simultaneously affects rainfall variability and food security. Therefore, fixed effect (FE) and/or random effect (RE) estimators can be used. The Hausman test shows that the fixed effect model is more appropriate than the random effect model.
Variables description and data sources
Food security
According to (FAO, 1996) , food security can be defined as "a situation that exists when all people at all times have physical, social and economic access to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and healthy life". According to several authors (Tweeten, 1997) , food security has three essential dimensions. The first dimension is food availability, which refers to the supply of foodstuffs in a country from production or imports. The second dimension is food access, which refers to the ability to acquire food for consumption through purchase, production or public assistance. The third dimension is food utilization, which concerns the physical use of food derived from human distribution. Food may be available to individuals who have access, but health problems may result from the imbalanced diet of food that is consumed. Because it is hard to find a single or a global indicator 4 that takes all dimensions of food security into account, we consider two indicators. First, we use food availability. It measures the availability of food in a country through any means (national food production, food imports, etc.). We consider the main cereals (maize, rice, sorghum, millet and wheat), soybeans and sugar for the calculation of food availability. They represent an important proportion in the population's food in most of developing countries. Food availability obtained is a simple average of food supplies of selected commodities expressed in kg/person/year. To take into account access to food by people, we use the proportion of undernourished people for robustness checks.
Rainfall variability
Rainfall variability is measured as the standard deviation of the growth rate of rainfall, which is frequently used in the economic literature. Rainfall variability is defined as the five-year rolling standard deviation of the growth rate of rainfall series.
Sources
The data on population growth, income per capita and proportion of undernourished people are from World Development Indicators. Those on democratic institutions, civil conflicts, rainfall and food availability are, respectively, from Polity IV (2017), CERDI and Food and Agriculture Organization (2011). The index of food price shocks vulnerability is built using the procedure developed by (De Janvry & Sadoulet, 2008) and (Combes, Ebeke, Etoundi, & Yogo, 2014) . Appendix 1 recapitulates the definition and source of variables whereas descriptive statistics are summarized in Appendix 2.
Results
This section first, shows the effect of rainfall variability on food security. Next the analysis turns to the econometric results in countries under conflict and for countries that are vulnerable to food price shocks.
Basic results
Column 1 of Table 1 shows the results of the effects of rainfall variability on food security. Results suggest that rainfall variability has a negative and significant effect on food availability. These results can be explained by several arguments. First, changing rainfall patterns is a source of high uncertainty with regards to food production. This increases fluctuations in agricultural production and reduces households' incomes. For countries that depend on the weather conditions (rain-fed agriculture), it reduces food production and availability. Second, by reducing agriculture production in developing countries, rainfall variability reduces agricultural incomes and hence negatively affects economic growth (Dell et al. (2008) . The next step consists of adding other control variables to check the robustness of results to changes in the baseline model (see columns 2-4): cereal production land, arable land and squared term of rainfall level. Whatever controls are included, the coefficient for rainfall variability remains negative and significant. Moreover, results show that a policy allowing better use of cereal production and arable lands (columns 2-3) increase food availability in developing countries. The rainfall squared has no effect on it (column 4).
Heterogeneities on the impact of rainfall variability
This section is devoted to the identification of potential heterogeneities in the relationship between rainfall variability and food security. First, we test to determine if the impact of rainfall variability can be different depending on whether the country was under conflict. Second, we analyse the impact of rainfall variability on food security in the context of food price shock vulnerability.
The importance of civil conflicts
We suppose that the impact of rainfall variability on food security is high for countries that are in conflict. For this, we add the variables of civil conflicts and its interactive term (rainfall variability*civil conflicts). Column (2) of Table 2 presents the results of the nonlinear effect of rainfall variability and civil conflicts. Results suggest that the impact of rainfall variability on food availability per capita is more severe in the countries under conflict. A characteristic of civil conflicts is its negative effect on market access, political and social networks. First, civil conflicts destroy infrastructure, social services, assets and livelihoods, social cohesion, institutions and norms, and they displace populations and create fear and distrust. In addition, civil conflicts disrupt the farming systems (irrigation schemes) and production (crop production, livestock production and off-farm activities) operated by households. Second, market disruption Note: t-statistics are presented in parentheses under the estimated coefficients. ***, ** and * indicate the significance of the estimated coefficient at 1%, 5% and 10%, respectively. The study period is 1960-2016. increases difficulties with regards to households going to market to sell and buy goods, and this leads to a loss of earnings. Final, civil conflicts have negative effects on economic growth by reducing investments and economic infrastructures. These effects can be factors of the poverty trap (Kremer & Miguel, 2007) , increasing vulnerability and food insecurity. Therefore, rainfall variability is likely to increase this vulnerability and dampen livelihoods of households affected by civil conflicts. In other words, the destruction of assets caused by civil conflicts, as well as unstable economic, social and political environments, will significantly impact the ability of countries to confront rainfall variability. Interesting results are also found regarding the additive terms of civil conflicts. Civil conflicts have a negative impact on food availability. Indeed, civil conflicts can negatively affect harvests and reduce active population in the agricultural sector because the armed leaders can recruit farmers by offering them high incomes. This leads to a decrease in food availability through the collapse of agricultural production.
The importance of food price shocks vulnerability
Second, this subsection analyses the impact of rainfall variability on food availability, depending upon the level of vulnerability of countries to food price shocks. According to (Combes et al., 2014) ., these countries are characterised by: (i) a higher food dependency, (ii) a higher food import burden, (iii) a higher net food import as a percentage of GDP, and (iv) a lower income per capita. Column (3) of Table 2 presents the results of the nonlinear effect of rainfall variability and the level of vulnerability of countries to food price shocks. Result reveals that the negative impact of rainfall variability on food availability increases with the level of vulnerability of countries to food price shocks. Countries that are more vulnerable to food price Note: t-statistics are presented in parentheses under the estimated coefficients. ***, ** and * indicate significance of the estimated coefficient at 1%, 5% and 10%, respectively. The study period is 1960-2016.
shocks may be less able to maintain food availability. Indeed, vulnerable countries have very little policy space and limited fiscal and administrative capacity to organize safety nets to import food and protect their population from rainfall shocks (De Janvry & Sadoulet, 2008) . In these countries, policy instruments available to facilitate food accessibility by increasing agricultural production or food imports are limited or ineffective. Climatic variability increases the food import burden of countries. In addition, by reducing agricultural production, households' incomes, rainfall variability increases food dependency and food burden of households (because income from agriculture represents a large proportion of the total household's income in many developing countries). Hence, the negative effect of rainfall variability on food availability can increase with the vulnerability of countries to food price shocks.
Robustness checks
Three robustness checks are implemented. First, the effect of rainfall variability on food availability is examined with an alternative measure of rainfall variability. Rainfall variability is measured by the average deviation in absolute value of the distribution of rainfall relative to its mean or to its long-term trend . Results (Table 3 ) reveal that rainfall variability has a negative impact on food availability per capita.
Second, it may be also of interest to discover if food availability in developing countries is characterized by inertia phenomena. In other words, we want to know if the lagged level of food availability is a potential determinant of the current level of food availability. We check this by Note: t-statistics are presented in parentheses under the estimated coefficients. ***, ** and * indicate the significance of the estimated coefficient at 1%, 5% and 10%, respectively. The study period is 1960-2016. including the lagged level of food availability in the baseline equation. The dynamic nature of the specified model requires system-Generalized Method of Moments (GMM) estimation from Arellano and Bond (1991) , Arellano and Bover (1995) and Blundell and Bond (1998) . The results in Table 4 show that the lagged level of food availability has no effect on its current level (columns 2 and 3) and previous results are still robust. There is no inertia for food availability in developing countries.
Final, given that food security is a multidimensional concept, we use another complementary indicator (the proportion of undernourished people), to check the robustness of our results. Table  5 presents the results of the impact of rainfall variability on the proportion of undernourished people. Results show that rainfall variability increases the proportion of undernourished people. They are strengthened by adding additional control variables (rainfall squared, arable and cereal production lands).
Conclusion
This paper contributes to the existing literature on rainfall variability and food security. The main objective of the paper is to analyse the effects of rainfall variability on food security using panel data during the period from 1960 to 2016 for 71 developing countries. The results of our estimates are as follows: first, we show that rainfall variability has a negative effect on food security (food availability and proportion of undernourished people). Second, the adverse effect of rainfall variability on food security is exacerbated in countries under conflict and for countries that are vulnerable to food price shocks. Results are robust to robustness checks. Our results are important in terms of recommendations for economic policies. An important intervention to reduce food insecurity would be the implementation of effective mitigation strategies of risks. In line with this, it is imperative to promote measures that enhance the food production systems in the developing countries in order to increase their capacity to withstand the rainfall variability. One approach would be to increase investments in agricultural research, extension and methods for reducing food production losses related to rainfall variability. Investments and help from regional agencies and international communities can be directed to the most vulnerable countries to conflicts and food price shocks. Note: t-statistics are presented in parentheses under the estimated coefficients. ***, ** and * indicate significance of the estimated coefficient at 1%, 5% and 10%, respectively. The study period is 1991-2016.
4. The global hunger index is currently considered as one of the best indicators of food security because it take into account four dimensions (availability, accessibility, stability and utilization) of food security. However, it is not available over the long period of time . 5. CERDI Centre d'Etude et de Développement sur le Développement International (CERDI). 6. To calculate this index, we use the principal component analysis (PCA) applied to three variables. 7. Cereals include wheat, rice, maize, barley, oats, rye, millet, sorghum, buckwheat and mixed grains.
Appendices Appendix 1. Variables definition and sources
Variables Definition Source
Food availability per capita
Food availability refers to the total amount of the commodity available as human food during the reference period. Food availability are the total of food Production + food import-food exports+ food stocks variation. We focus on the main cereals (maize, rice, sorghum, millet and wheat), soybeans and sugar. They represent an important proportion in the population's food in most of developing countries.
FAO (2019) Civil conflicts Civil conflicts are defined as the magnitude score of episode(s) of civil warfare involving that state in that year.
Center for Systemic Peace, (2017)
Democratic institutions
The Polity Score captures the regime authority spectrum on a 21-point scale ranging from −10 (hereditary monarchy) to +10 (consolidated democracy).
Polity IV (2017) Rainfall variability Rainfall variability is defined as the five-year rolling standard deviation of the growth rate of rainfall series.
CERDI 5
Food price vulnerability
The FPV index is a weigted 6 average of the following variables: the ratio of food imports to total household consumption; the ratio of total food imports to total imports of goods and services and the inverse of the level of GDP per capita.
WDI ( The percentage of the population whose food intake is insufficient to meet dietary energy requirements continuously.
